ABSTRACT The gastrointestinal tract is considered as one of the main target organs affected by heat stress. Phytogenic feed additives containing phenolics and flavonoids can improve the resistance of broilers to heat stress. This study was conducted to investigate the effects of dietary supplementation with enzymatically treated Artemisia annua (EA) on growth performance, intestinal morphology, digestive enzyme activities, immunity and antioxidant capacity of broilers challenged with heat stress. One hundred and forty-four 21-day-old male Arbor Acres broilers were randomly distributed into 3 treatments: 1) non-challenged control (CON); 2) heat-stress-challenged control (HS); and 3) heat-stresschallenged group + 1 g EA/kg diet (HS-EA). From 22 to 41 d, broilers in the CON group were housed at 22 ± 1
INTRODUCTION
Heat stress is a major environmental stressor threatening the poultry industry worldwide (Lucas and Marcos, 2013) . It adversely affects growth rate, feed efficiency, and mortality rate of poultry (Niu et al., 2009) , which consequently results in huge economic losses. Due to thick feathers, sweat gland deficiency, and high metabolic rates, poultry are especially vulnerable to heat stress. Broilers subjected to environmental heat stress are characterized by altered physiological and metabolic responses such as plasma hormone concentrations (Quinteiro-Filho et al., 2010) , immune suppression (Niu et al., 2009) , oxidative stress (Yi et al., 2016) , and meat acidity (Azad et al., 2010) . Specifically, C 2017 Poultry Science Association Inc. Received May 12, 2017 . Accepted September 25, 2017 heat stress can cause intestinal dysfunction of broilers evidenced by impaired intestinal structure, decreased nutrient absorption, and enhanced oxidative and immune injury (Yi et al., 2016) . Dietary approaches have been reported to alleviate the impact of heat stress on birds by decreasing the negative effects of intestinal damage, including supplementation of natural herb or plant derived products which are rich in phenolics and flavonoids (Akbarian et al., 2013; Liu et al., 2014) .
Artemisia annua (A. annua) is an annual weedy herb belonging to the Asteraceae family, and has been applied to poultry production as anticoccidial and antiparasitic agents due to the artemisinin composition in this medicinal plant (Brisibe et al., 2008 (Brisibe et al., , 2009 ). In addition, A. annua also contains other important bioactive ingredients such as amino acids, vitamins, minerals, and antioxidant compounds such as phenolics and flavonoids (Cherian et al., 2013) . Thus, the beneficial effects of A. annua in poultry feed other than anticoccidial were extensively investigated. Previous studies 430 have demonstrated that the inclusion of A. annua products to broilers' feed could enhance growth performance (Brisibe et al., 2008; De Almeida et al., 2012) , improve antioxidant capacity (Wan et al., 2016) and immune function (Gholamrezaie Sani et al., 2013) . However, it is an important issue for the application of A. annua in broilers' feed that the utilization rate of nutrients and antioxidant compounds is lower in vivo due to the plants' cell wall (Wan et al., 2016) . It has been reported that enzymatic treatment with cellulose, pectinase, and hemicellulose have the ability to degrade or disrupt cell walls, thus enabling better release and more extraction of bioactive compounds from plants (Puri et al., 2012) . In the previous study conducted by Wan et al. (2016) , enzymatically (cellulase and pectinase) treated A. annua (EA) entire herb has more profound effects on growth performance and antioxidant capacity of broilers compared to A. annua leaves, which may be attributed to enzymatic treatment increasing absorption and utilization of nutrients and antioxidant compounds. Recent literatures (Wan et al., 2016 (Wan et al., , 2017 also confirmed that the optimal effect on growth performance and antioxidant capacity of non-challenged broilers were at 1 g/kg of EA fed diets. Accordingly, it was hypothesized that dietary supplementation of 1 g/kg EA could protect against heat-stress-induced intestinal damage and thus prevent compromised growth performance. Therefore, the aim of this study was to investigate the effects of EA on growth performance, intestinal morphology, digestive enzyme activities, immunity, and antioxidant capacity of broilers challenged with heat stress.
MATERIALS AND METHODS
The experiment was approved and conducted under the supervision of the Animal Care and Use Committee, Nanjing Agricultural University, Nanjing, P. R. China, which has adopted the Animal Care and Use Guidelines governing all animals used in the experimental procedures.
Experimental Design, Diets and Treatments
One hundred and forty-four 21-day-old male Arbor Acres broilers were weighted and divided into 3 groups (6 replicates per group of 8 birds in each replicate). The 3 treatment groups were as follows: the control group, in which chicks were housed at 22 ± 1
• C and fed a basal diet, and the heat stress (HS) and HS-EA groups, in which chicks were housed at 34 ± 1
• C for 8 h (0900-1700 h) and 22 ± 1
• C for the rest time and fed same basal diet supplemented with 0 and 1 g/kg EA, respectively. The EA was purchased from Guangzhou Cohoo Biotechnology Research center (Guangzhou, P. R. China), and from A. annua entire herb was enzymatic hydrolyzed by treating with pectinase and cellulase. The total phenolic and flavonoid contents of EA data has been published in our previous study (Wan et al., 2016) . The heat treatment lasted for 20 consecutive d, during which the relative humidity of the room was monitored daily by a digital hygrometer and ranged from 50 to 60%. The basal diet was formulated based on the NRC (1994) guidelines to meet the nutrient requirements of the broilers. All broilers were placed in 3-layer cages (120 × 70 × 60 cm) during the 21-d experimental period, and water and mash feed were given ad libitum with 24 h light. At 42 d of age, birds were weighed after feed deprivation of 12 h and feed intake (FI) was recorded by replicate to calculate body weight gain (BWG), FI and gain/feed ratio (G: F). Birds that died during the experiment were weighed, and the data were included in the calculation of G: F.
Sample Collection and Procedures
At the end of the experiment, 6 broilers (one bird per pen) were randomly selected from each treatment and weighted after 12-h feed deprivation. Birds were euthanized by cervical dislocation and their abdomens were opened rapidly. After that, the small intestine was dissected free of the mesentery and placed on a chilled stainless steel tray. The 2 and 10 cm intestinal segments were cut at mid-jejunum. The 2 cm jejunal segments were gently flushed with ice-cold phosphate-buffered saline (PBS; pH 7.4) and then placed in 10% fresh, chilled formalin solution for histological examination. The digesta of 10 cm jejunal segments were removed in plastic tubes for determination of digestive enzyme. After that, the 10 cm jejunal segments were opened longitudinally and flushed the residual digesta with ice-cold PBS for collecting mucosa. The jejunal mucosa was collected by directly scraping using a sterile glass microscope slide at 4 • C, which was then immediately frozen in liquid nitrogen and stored at −80
• C until analysis.
Preparation of Jejunal Digesta and Mucosa Homogenate
Approximately 0.2 g digesta and mucosa samples were used to prepare the homogenate. The both samples were homogenized (1: 9, wt/vol) with ice-cold sodium chloride solution (154 mmol/L) using an ultraturrax homogenizer (Tekmar Co., Cinatti, OH) and then centrifuged at 4,450 × g for 15 min at 4
• C. The supernatant was then collected and stored at −20
Jejunal Digestive Enzyme Activity Determination
Trypsin (catalog No. A054), amylase (catalog No. C016-1) and lipase (catalog No. A080-2) activities were measured by using corresponding commercial kits purchased from Nanjing JianCheng Bioengineering Institute (Nanjing, P. R. China). All results were normalized against total protein concentration in each sample for inter-sample comparison. Total protein concentration was analyzed by the method of Bradford (1976) using bovine serum albumin as the standard protein.
Intestinal Morphology
The jejunal segments were dehydrated and embedded in paraffin, sectioned at 5 μm, and stained with hematoxylin and eosin. Villus height and crypt depth of 20 well-oriented villi per segment were determined using a Nikon ECLIPSE 80i light microscope equipped with a computer-assisted morphometric system (Nikon Corporation, Tokyo, Japan) as described by Li et al. (2015) .
Assay of Mucosal Immune and Antioxidant Parameters
The activities of glutathione peroxidase (GPX, catalog No. A005), total superoxide dismutase (T-SOD, catalog No. A001-1), and catalase (CAT, catalog No. A007-1), the concentrations of glutathione (GSH, catalog No. A006-1), malondialdehyde (MDA, catalog No. A003-1) and protein (catalog No. A045-3) in the mucosa were determined using commercial kits (Nanjing JianCheng Bioengineering Institute, Nanjing, P. R. China) according to the instructions of the manufacturer. The immunoglobulin G (IgG, catalog No. CSB-E11635Ch) and secretory immunoglobulin (SIgA, catalog No. CSB-E10097Ch) ELISA quantification kits (Wuhan HuaMei Bioengineering Co., Ltd, Wuhan, P. R. China) were used to determine IgG and SIgA concentrations in the intestinal mucosa following the manufacturer's instruction. All results were normalized against total protein concentration in each sample for intersample comparison.
Real-time PCR Analysis
Total RNA was isolated from the jejunal mucosa using Trizol reagent (TaKaRa, Dalian, China) according to the manufacturer's instructions. RNA integrity was checked on 1% agarose gel with ethidium bromide staining. The RNA concentration and purity were determined from OD260/OD280 readings (ratio >1.8) using a NanoDrop ND-1000 UV spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA), and simultaneously the ratio for OD260/OD230 (>2) was also measured in order to identify the presence of organic contaminants. After then, 1 μg of total RNA reverse-transcribed into complementary DNA using the PrimeScript TM RT reagent kit (TaKaRa Biotechnology, Dalian, China) following the manufacturer's protocols. Real-time PCR was carried out on an ABI StepOnePlusTM Real-Time PCR system (Applied Biosystems, Grand Island, NY) according to the manufacturer's instructions. The primers were designed using the Primer-Blast (http://www.ncbi.nlm.nih.gov). Primer sequences for the target and reference genes (nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase 1 (HO-1), SOD1, GPX, Gammaglutamyl cysteine ligase larger catalytic subunit (γ-GCLc), Gamma-glutamyl cysteine ligase smaller modulator subunit (γ-GCLm) and β-actin) are listed in Table 1 . Briefly, the reaction mixture was prepared using 2 μL of complementary DNA (50 μg/mL), 0.4 μL of forward primer (20 μmol/L), 0.4 μL of reverse primer (20 μmol/L), 10 μL of SYBR Premix Ex TaqTM (TaKaRa Biotechnology, Dalian, China), 0.4 μL of ROX Reference Dye (TaKaRa Biotechnology, Dalian, Liaoning, China) and 6.8 μL of double-distilled water. Each sample was tested in duplicate. PCR consisted of a pre-run at 95
• C for 30 s and 40 cycles of denaturation at 95
• C for 5 s, followed by a 60
• C annealing step for 30 s. The conditions of the melting curve analysis were as follows: one cycle of denaturation at 95
• C for 10 s, followed by an increase in temperature from 65 to 95
• C at a rate of 0.5 • C/s. The melting curve Means within a row without a common superscripts differ significantly (P < 0.05). 1 BWG, body weight gain; FI, feed intake; G: F, gain/feed ratio. 2 CON, broilers were housed at 22 ± 1 • C and fed the basal diet; HS, broilers were housed at 34 ± 1 • C for 8 h (0900-1700 h) and 22 ± 1
• C for the rest time and fed the basal diet; HS-EA, broilers were housed at 34 ± 1
• C for 8 h (0900-1700 h) and 22 ± 1 • C for the rest time and fed the basal diet with 1 g/kg enzymatically treated Artemisia annua.
3 SEM, pooled standard error of the means (n = 6).
analysis was to check and verify the specificity and purity of all PCR products. The standard curve of each gene was run in duplicate and three times for obtaining reliable amplification efficiency. The correlation coefficients (r 2 ) of all standard curves were >0.99 and the amplification efficiency was between 90 and 110%. The relative levels of mRNA expression were calculated using 2 −ΔΔCt method (Livak and Schmittgen, 2001 ) after normalization against the reference gene, β-actin. The values of CON group were used as a calibrator.
Statistical Analysis
All data were analyzed by one-way analysis of variance (ANOVA) using the SPSS statistical software (version 16.0 for windows, SPSS Inc., Chicago, IL). Differences among groups were examined by Tukey's multiple range test. Significance (P-value) was evaluated at 0.05. Data were presented as means and their pooled standard errors.
RESULTS

Growth Performance
As indicated in Table 2 , the HS group had an 8.19% lower BWG compared with the control group (P < 0.05). Dietary supplementation of EA increased (P < 0.05) BWG and FI by 8.21% and 4.08% in the HS-EA group, respectively, in comparison with those in the HS group.
Digestive Enzyme
In comparison with the control group, heat treatment decreased (P < 0.05) the jejunal trypsin and lipase activities by 17.17% and 24.50%, respectively (Table 3) . When compared to the HS group, the jejunal lipase and trypsin activities were increased by 44.81% and 21.60%, respectively, in the HS-EA group (P < 0.05).
Intestinal Morphology
Compared with the control group (Table 4) , heat challenge increased (P < 0.05) the crypt depth by 20.00%, and decreased (P < 0.05) the villus height and the ratio of villus height to crypt depth by 15.53% and 30.29% in the jejunum, respectively. Compared with the HS group, EA supplementation increased (P < 0.05) the villus height and ratio of villus height to crypt depth by 21.14% and 41.88%, respectively, and decreased (P < 0.05) the crypt depth by 15.18%.
Immune Parameters of Intestinal Mucosa
Compared with the control group, the HS group had 20.40% and 24.99% lower jejunal SIgA and IgG concentrations, respectively (P < 0.05, Table 5 ). The jejunal SIgA and IgG concentrations in the HS-EA group Means within a row without a common superscripts differ significantly (P < 0.05). 1 CON, broilers were housed at 22 ± 1 • C and fed the basal diet; HS, broilers were housed at 34 ± 1 • C for 8 h (0900-1700 h) and 22 ± 1
2 SEM, pooled standard error of the means (n = 6). Means within a row without a common superscripts differ significantly (P < 0.05). 1 CON, broilers were housed at 22 ± 1 • C and fed the basal diet; HS, broilers were housed at 34 ± 1 • C for 8 h (0900-1700 h) and 22 ± 1
2 SEM, pooled standard error of the means (n = 6). • C and fed the basal diet; HS, broilers were housed at 34 ± 1 • C for 8 h (0900-1700 h) and 22 ± 1
3 SEM, pooled standard error of the means (n = 6). Means within a row without a common superscripts differ significantly (P < 0.05). 1 MDA, malonaldehyde; GPX, glutathione peroxidase; T-SOD, total superoxide dismutase; CAT, catalase; GSH, glutathione.
2 CON, broilers were housed at 22 ± 1 • C and fed the basal diet; HS, broilers were housed at 34 ± 1 • C for 8 h (0900-1700 h) and 22 ± 1
were 29.64% and 37.72% higher than in the HS group, respectively (P < 0.05).
Antioxidant Status of Intestinal Mucosa
T-SOD and CAT activities, and GSH level in the jejunum were 23.47%, 24.64% and 27.75% lower (P < 0.05), whereas MDA concentration were 76.47% higher (P < 0.05) in the HS group than in the control group (Table 6) , respectively. Diets supplemented with EA increased (P < 0.05) the jejunal T-SOD activity and GSH content by 38.72% and 42.70%, respectively, and decreased (P < 0.05) the jejunal MDA concentration by 39.33% in the HS-EA group compared with those in the HS group.
Antioxidant Gene Expression of Intestinal Mucosa
Heat stress challenge decreased the jejunal Nrf2, HO-1, GPX, γ-GCLc and γ-GCLm mRNA concentrations compared with the control group (P < 0.05, Figure 1 ). In contrast, dietary EA supplementation resulted in increased Nrf2, HO-1, SOD1, GPX, γ-GCLc and γ-GCLm gene expression in the jejunum of heatstressed broilers (P < 0.05).
DISCUSSION
In this study, expectedly, heat stress decreased BWG, which was consistent with the previous studies (Song et al., 2013; Zhang et al., 2015; Yi et al., 2016) . The Figure 1 . Effects of different treatments on the relative mRNA expression of jejunal antioxidant genes in broilers. The column and its bar represented the means value and SEM (n = 6), respectively. Bars labeled with different letters are significantly different (P < 0.05). CON, broilers were housed at 22 ± 1
• C and fed the basal diet; HS, broilers were housed at 34 ± 1
• C for 8 h (0900-1700 h) and 22 ± 1 • C for the rest time and fed the basal diet; HS-EA, broilers were housed at 34 ± 1
compromised growth performance may result from the fact that the stressed broilers consume more energy to adapt to the stress condition and less energy was used for growth. Additionally, less weight gain in heatstressed broilers was attributed to a poor appetite and lower FI, which is a defense mechanism to decease heat increment of broilers (Song et al., 2013) . However, a little information is available regarding the effect of EA on ameliorating the adverse effects caused by heat stress in broilers. In the present study, dietary EA supplementation increased BWG and FI of heat-stressed broilers compared to broilers fed a basal diet under heat stress, and which may be attributed to the improvement of intestinal function such as intestinal morphology, digestion, immunity and antioxidant capacity.
A large number of studies have now demonstrated that heat stress could cause dysfunction of the intestine (Song et al., 2013; Al-Fataftah and Abdelqader, 2014; Yi et al., 2016) . Heat stress induces deterioration of intestinal morphology, showing impaired intestinal villuscrypt system and decreased villus height and villus surface area (Al-Fataftah and Abdelqader, 2014) . It has been suggested that the shorter villus and deeper crypts caused poor nutrient absorption, increased secretion of electrolytes and water in gastrointestinal tract, and therefore compromised performance (Li et al., 2015) . In the present study, we also confirmed the negative effects of heat stress on the intestinal structure of broilers, as evidenced by the increased crypt depth, shorter villus height, and lower villus height-crypt ratio. These results were in agreement with previous studies observed by Song et al. (2013) and Akbarian et al. (2013) . There are some explanations for the harmful effects of heat stress on the intestine of broilers. Among these reasons, heat stress induces the intestinal inflammatory response and oxidative stress that generates pro-inflammatory cytokines and reactive oxygen species (ROS), thus leads to intestinal injury (Yi et al., 2016) . However, EA supplementation could attenuate the intestinal morphological damage of heat-stressed broilers, as demonstrated by the increased villus height, decreased crypt depth and higher villus height-crypt ratio. A. annua has anti-oxidative and anti-inflammatory effects (Bhakuni et al., 2001; Brisibe et al., 2009) in animals, therefore, we also supposed that the EA's improvement of intestinal morphology of heat-stressed broilers may be attributed to increased intestinal immunity and antioxidant capacity.
Heat stress also altered the intestinal absorption by affecting digestive enzyme activities, such as lipase, trypsin, and amylase (Yi et al., 2016 ). In the current study, jejunal lipase and trypsin activities were decreased after high temperature treatment and these results were in agreement with the findings of Yi et al. (2016) and Ruan and Niu (2001) . In addition, the HS group exhibited lower jejunal amylase activity than the control group numerically, however, they did not reach the statistical significance. This differential response may be related to the degrees of heat treatment and species. As expected, the digestive enzyme activities of jejunum were enhanced by EA supplementation, indicating that EA could exert a beneficial effect on the digestion of broilers under heat stress. So far, no information is available regarding the effect of EA on the digestive enzyme activities of heat-stressed broilers. A possible explanation for the increased digestive enzyme activities may be due to the improvement of intestinal morphology and integrity by dietary supplementation of EA.
Additionally, it has been reported that broilers subjected to heat stress had lower levels of SIgA, IgM, and IgG (IgY) in small intestine (Bartlett & Smith, 2003; Deng et al., 2012; Rajput et al., 2013) . SIgA, IgM, and IgG are three major classes of immunoglobulin in chickens, involved in the maintenance of immunity (Ulmer-Franco et al., 2012) . SIgA plays an important role in the protection and homeostatic regulation of intestinal mucosal epithelia separating the outside environment from the inside of the body (Corthésy, 2013) . This primary function of SIgA is to limit the access of numerous microorganisms and mucosal antigens to the thin and vulnerable mucosal barriers. The IgG, secreted by B cells, directly contributes to an immune response including neutralization of toxins and viruses. In the present study, we found that SIgA and IgG contents in the jejunum mucosa were decreased due to the heat stress treatment, and the reduced SIgA and IgG contents were counteracted by EA supplementation in broilers. Similarly, Gholamrezaie Sani et al. (2013) showed that A. annua extract and leaf powder increased the serum IgG contents and weight of thymus and bursa of Fabricius in broilers. It is well known that heat stress impairs intestinal integrity and barrier function, and can lead to increased intestinal permeability. Increased permeability to luminal endotoxins could result in intestinal inflammatory reaction. The balance of antiinflammatory and pro-inflammatory cytokines plays a key role in SIgA and IgG productions (Macpherson et al., 2008) . A. annua has been reported to possess antioxidant and anti-inflammatory properties, which ultimately inhibited the synthesis of prostaglandin as an anti-immune substance resulting in better humoral response (Bhakuni et al., 2001; Brisibe et al., 2009) . In this present study, the up-regulating effects of EA on IgA and IgG contents may be associated with its role in lowering excessive pro-inflammatory cytokines to maintain a normal cytokine environment by restoring the integrity of the gut epithelium after heat stress.
Furthermore, exposure to heat stress impaired the equilibrium between oxidative stress and antioxidant defense mechanisms (Liu et al., 2014; Zhang et al., 2015) . Heat stress can result in overproduction of ROS such as superoxide anions, hydrogen peroxide, and hydroxyl radicals (Yang et al., 2010) . The excess of ROS can lead to widespread damage to DNA, proteins, and endogenous lipids. The antioxidant defense systems including SOD, GPX, CAT and GSH in cells have been developed to protect organelles and cellular components against ROS-induced damage (Li et al., 2015) . These enzymatic and non-enzymatic antioxidants can cooperatively convert ROS into water and O 2 . In the present study, consistent with the results by Lin et al. (2000) and Ramnath et al. (2008) , we also found that heat-stressed broilers had lower levels of antioxidant enzyme in the jejunum than broilers in the thermoneutral group, indicating that oxidative stress had affected the intestine and damage had occurred. These results were further supported by the simultaneously increased MDA concentration in the jejunum of heatstressed broilers. MDA, an end product of lipid peroxidation, further inhibits the activities of antioxidant enzyme and accelerates the oxidative damage to protein and DNA when it excessively produces (Mujahid et al., 2007) . However, in the present study, dietary EA supplementation alleviated the increased MDA concentration induced by heat stress, and counteracted the compromised enzymatic and non-enzymatic antioxidant levels after heat stress. In our previous study, Wan et al. (2016) has reported that EA added to broilers' diets improved the activities of CAT and SOD, and decreased the MDA concentrations in serum and liver under the thermoneutral conditions. The abundant phenolic and flavonoids in A. annua would be responsible for the improved antioxidant capacity of broilers fed EA supplemented diets. However, there are few studies available regarding the effects of EA on the intestinal antioxidant capacity of broilers, especially heat stress treatment. The EA could protect the intestine from oxidative damage via increasing antioxidant enzyme and GSH content.
Nrf2, a basic leucine zipper transcription factor that protects the cell against oxidative stress through antioxidant response elements-mediated induction of phase II enzymes, such as HO-1, GPX, γ-GCLc, γ-GCLm, and SOD, consequently improved the antioxidant defense system of cells . Many researchers have suggested that up-regulation of HO-1 activity in cells could afford protection from oxidative damage (Poss and Tonegawa, 1997; Alam et al., 1999; Bauer and Bauer, 2002) . Gamma-glutamyl cysteine ligase catalyzes the rate-limiting step in GSH biosynthesis, and is a heterodimer composed of a catalytic subunit, γ-GCLc, and its regulatory subunit, γ-GCLm (Seelig and Meister, 1985) . Previous studies found that heat stress is associated with transcription factor induction, and decreased the expression of Nrf2 when broilers were kept at high ambient temperature (Sahin et al., 2012a (Sahin et al., , 2012b . In line with these, in the present study, heat stress decreased Nrf2, HO-1, GPX, γ-GCLc and γ-GCLm mRNA abundance in jejunum of broilers. In response to supplementation of EA, the gene expression of Nrf2, HO-1, GPX, SOD1, γ-GCLc and γ-GCLm of heat-stressed broilers were increased. These results indicated that EA plays an important role in counteracting the heat-stress-induced oxidative damage via activating mRNA abundance of Nrf2-antioxidant system, and which was also consolidated by similar enzymatic and non-enzymatic antioxidant levels.
CONCLUSIONS
Dietary inclusion of 1 g/kg EA exhibited beneficial effects on the growth performance, intestinal morphology and digestive enzyme, immune and oxidative status of broilers challenged with heat stress. Improving the intestinal function may be an effective approach to partially attenuate the detrimental effects of heat stress on growth performance and health in chickens. The results of this study also demonstrate that 1 g/kg EA could be incorporated into broilers diets and has promising effects to overcome deleterious effects of heat stress impact in broiler production industry.
